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Recent experiments suggest that certain B → piK branching ratios are inconsistent with the stan-
dard model expectations. We show that a flavor-changing Z′ provides a solution to the problem.
Electroweak penguin amplitudes are enhanced by the Z′ boson for select parameters. We discuss
implications for the Z′ mass and its couplings to the standard model fermions. We also show that
the solution is consistent with constraints from the CP asymmetries of the B → φKS decay.
I. INTRODUCTION
Recent experimental data show that some hadronic B
decays to two pseudoscalar mesons deviate from the stan-
dard model (SM) expectations. In B → ππ decays, for
example, the π0π0 mode is found to have a larger branch-
ing ratio than expected [1, 2] and the π+π− mode has a
large direct CP asymmetry [3, 4]. It was subsequently
shown that agreement between theory and experiment
on the above observables can be reconciled with a large
color-suppressed tree amplitude (C), that has a non-
trivial strong phase relative to the color-allowed tree am-
plitude (T ), along with a gluonic penguin amplitude (P )
that also has a sizeable strong phase relative to T [5, 6].
Such large final-state rescattering effects cannot be easily
accounted for in perturbative approaches [7, 8, 9]. A re-
cent soft-collinear effective theory analysis [10], however,
finds one solution that can explain the ππ data without
a large strong phase between T and C.
Using the flavor SU(3) symmetry, the contributing
amplitudes extracted from the strangeness conserving
(∆S = 0) ππ decays can be related to those in the
strangeness changing (|∆S| = 1) πK decays, allowing
predictions to be made for the πK modes within the
SU(3) framework. Most of the CP asymmetries are con-
sistent with the SM predictions, except for the direct CP
asymmetry of the π0K0 mode, which has recently been
measured but still has a sizeable uncertainty [11]. A per-
plexing pattern, however, is observed in the measured
πK branching ratios [5, 8, 12, 13, 14]. The πK puzzle
can be stated in terms of the ratios [15]
Rc ≡ 2
[
BR(B+ → π0K+) + BR(B− → π0K−)
BR(B+ → π+K0) + BR(B− → π−K0)
]
= 1.15± 0.12 , (1)
Rn ≡ 1
2
[
BR(B0 → π−K+) + BR(B0 → π+K−)
BR(B0 → π0K0) + BR(B0 → π0K0)
]
= 0.78± 0.10 , (2)
where the experimental values and those given below for
the CP asymmetries are taken from Ref. [6]. In the SM,
these two ratios should be approximately equal, whereas
values in Eq. (1) and (2) indicate a 2.4σ difference. This
deviation may be due to an underestimation of the π0 de-
tection efficiency [14]. However, if the deviation is real,
a sizeable new physics amplitude with a distinct weak
phase is required for the π0K0 and π0K± decays, which
have a significant dependence on the color-allowed elec-
troweak (EW) penguins [5, 13]. A related ratio that is
not sensitive to the color-allowed EW penguins is [15]
R ≡
[
BR(B0 → π−K+) + BR(B0 → π+K−)
BR(B+ → π+K0) + BR(B− → π−K0)
]
τB+
τB0
d
= 0.91± 0.07 . (3)
where τB+/τB0
d
= 1.086 ± 0.017 was used. The experi-
mental value of R is consistent with the SM prediction.
In a recent paper [16], we showed that in a model with
an extra U(1)′ gauge boson it is possible to explain the
current discrepancy between the measured mixing CP
asymmetry, SφKS , and its SM prediction based upon the
SJ/ψKS measurements if the Z
′ has family non-universal
couplings with the SM fermions. A large flavor-changing
Z ′ coupling between the bottom and strange quarks is
experimentally allowed. Its implications in the Bs system
have been studied in Ref. [17]. Such models can naturally
arise in certain string constructions [18], E6-motivated
models [19] and dynamical symmetry breaking models
[20].
A common feature of the above-mentioned πK modes
and the φKS modes is that they are all dominated by
b → s penguin-loop processes. In this letter, we demon-
strate that the Z ′ model can also provide the indicated
new physics amplitude contributing to the EW penguin
amplitudes in the πK decays [21], while at the same time
explaining the φKS CP asymmetry.
In Section II, we specify our flavor-changing Z ′ model,
the relevant parameters involved in the analysis, and how
the effective Hamiltonian responsible for hadronic B de-
cays is modified. We parametrize in Section III the EW
penguin amplitudes where the new physics contributions
would be manifest. In Section IV, the master formulae
used in the analysis of πK decays are given along with
the related hadronic parameters. Section V gives our nu-
merical solutions to the B → πK puzzle. In Section VI,
we compare with the constraints from current B → φKS
2data. We find that viable solutions to both problems
exist.
II. FLAVOR CHANGING Z′ MODEL
The basic formalism of the family non-universal Z ′
model with flavor-changing neutral currents (FCNCs)
can be found in Ref. [22]. In this letter, we adopt the
formalism and assumptions that we have introduced in
Ref. [16] for explaining the observed anomalous indirect
CP asymmetry in B → φKS . For simplicity, we con-
sider the example in which flavor-changing effects are
sizeable only in the left-handed couplings, leaving the
right-handed couplings flavor-diagonal.
We write the Z ′ part of the neutral-current Lagrangian
in the gauge basis as
LZ′ = −g2J ′µZ ′µ , (4)
where g2 is the gauge coupling constant of the U(1)
′
group at the MW scale. We neglect its renormalization
group (RG) running between the MW and MZ′ scales in
view of uncertainties in the parameters. The Z ′ chiral
current is
J ′µ =
∑
i,j
ψ
I
i γµ [(ǫψL)ijPL + (ǫψR)ijPR]ψ
I
j , (5)
where the sum extends over all flavors of the SM fermion
fields, the chirality projection operators are PL,R ≡
(1∓ γ5)/2, the superscript I refers to the gauge interac-
tion eigenstates, and ǫψL (ǫψR) denotes the left-handed
(right-handed) chiral coupling matrix. ǫψL and ǫψR are
hermitian by the requirement of a real Lagrangian. The
mass eigenstates of the chiral fields are ψL,R = VψL,Rψ
I
L,R
and the usual CKM matrix is given by VCKM = VuLV
†
dL
.
The chiral Z ′ coupling matrices in the physical basis of
up-type and down-type quarks are, respectively,
BXu ≡ VuX ǫuXV †uX , BXd ≡ VdX ǫdXV †dX , (X = L,R)
(6)
where BXu(d) are hermitian. As long as the ǫ matrices are
not proportional to the identity, the B matrices will have
non-zero off-diagonal elements that induce FCNC inter-
actions at tree level. Our assumption of flavor-diagonal
right-handed couplings demands BRu(d) ∝ I. However,
the flavor-changing left-handed couplings will give new
contributions to the SM operators. The effective Hamil-
tonian of the b¯ → s¯qq¯ transitions mediated by the Z ′
is
HZ′eff =
2GF√
2
(
g2MZ
g1MZ′
)2
BL∗sb (b¯s)V−A
∑
q
(
BLqq(q¯q)V−A
+BRqq(q¯q)V+A
)
+ h.c. , (7)
where g1 ≡ e/(sin θW cos θW ), and BL∗ij and BR∗ij refer to
the complex conjugates of left- and right-handed effective

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FIG. 1: A Z′-mediated FCNC Feynman diagram contributing
to the B0 → pi0K0 decay. Its tree-level amplitude with a
flavor-changing (Z′-b-s) coupling can be sizeable, despite the
suppression from the large Z′ mass.
Z ′ couplings to the quarks i and j at the weak scale,
respectively. Here we have suppressed the color indices
as they match within the parentheses. A complete list of
operators and their associated leading-order (LO) Wilson
coefficients [23] evaluated at the mb scale can be found in
Table I. For various input parameters, we take αs(MZ) =
0.118, αEM = 1/128, sin
2 θW = 0.23, MW = 80.42 GeV
along with the running quark masses mt = 170 GeV,
mb = 4.4 GeV.
The above operators of the forms (b¯s)V−A(q¯q)V−A and
(b¯s)V−A(q¯q)V+A already exist in the SM, and we can
represent the Z ′ effect as a modification to the Wilson
coefficients of the corresponding operators. Thus,
HZ′eff
= −GF√
2
V ∗tbVts
∑
q
(
∆c3O
(q)
3 +∆c5O
(q)
5
+∆c7O
(q)
7 +∆c9O
(q)
9
)
+ h.c.
= −GF√
2
V ∗tbVts(b¯s)V−A
∑
q
(
(∆c3 +∆c9
3
2
eq)(q¯q)V−A
+(∆c5 +∆c7
3
2
eq)(q¯q)V+A
)
+ h.c. (8)
The additional contributions to the SM Wilson coeffi-
cients at the MW scale in terms of Z
′ parameters from
Eq. (7) and (8) are determined to be
∆c3(5) = −
2
3V ∗tbVts
(
g2MZ
g1MZ′
)2
BL∗sb
(
BL(R)uu + 2B
L(R)
dd
)
(9)
∆c9(7) = −
4
3V ∗tbVts
(
g2MZ
g1MZ′
)2
BL∗sb
(
BL(R)uu −BL(R)dd
)
.
(10)
While in general we can have a Z ′ contribution to the
QCD penguins ∆c3(5) as well as the EW penguins ∆c9(7),
in view of the results found by Buras et al. [5] we assume
B
L(R)
uu ≃ −2BL(R)dd so that new physics is primarily man-
ifest in the EW penguins. (The same assumption has
been used in Ref. [16].) This can be realized by Z-Z ′
3mixing with a small mixing angle θ at O(10−3), as con-
strained by current data. As a result, we have the qq¯
current coupling in part to the Z ′ with a flavor-universal
coupling and in part to the Z with the SM couplings. In
this case, the relationBLuu ≃ −2BLdd can be satisfied when
ǫψL ≃ (θg1M2Z′)/(6g2M2Z) for the quarks of the first two
generations. The requirement for the corresponding rela-
tion of the right-handed quarks is more relaxed because
the Z ′ couplings to quarks can be flavor-dependent.
The resulting Z ′ contributions to the Wilson coeffi-
cients at the weak scale are
∆c3(5) ≃ 0 , (11)
∆c9(7) = 4
|V ∗tbVts|
V ∗tbVts
ξLL(R)e−iφL , (12)
where
ξLX ≡
(
g2MZ
g1MZ′
)2 ∣∣∣∣BL∗sb BXddV ∗tbVts
∣∣∣∣ (X = L,R) , (13)
φL ≡ Arg[BLsb] . (14)
The diagonal elements of the effective coupling matrix
BXij are real due to the hermiticity of the effective Hamil-
tonian, but the off-diagonal elements, such as BLsb, gen-
erally contain new weak phases.
Thus, there are 3 independent real parameters {ξLL,
ξLR, φL} in the model considered here. (Note that a
possible negative sign of BXdd can be accounted for by
shifting φL by π.) The relations B
L(R)
cc ≃ BL(R)uu and
B
L(R)
ss ≃ BL(R)dd follow from the assumptions of univer-
sality for the first two families, as required by K and µ
decay constraints [22]. We assume that the Z ′ couplings
to lepton pairs (BXℓℓ ) are sufficiently small to satisfy ex-
perimental constraints from the related leptonic decays
(i.e., decays to ℓℓ¯ instead of qq¯) [24].
The resulting effective Hamiltonian at the MW scale is
then
HZ′eff = −
4GF√
2
(
g2MZ
g1MZ′
)2
BL∗sb
∑
q
(
BLddO
(q)
9 +B
R
ddO
(q)
7
)
+h.c. (15)
Since heavy degrees of freedom (including the Z ′) in the
theory are considered to have been integrated out at the
scale of MW , the RG evolution of the Wilson coefficients
down to low energies after including the new contribu-
tions from Z ′ is exactly the same as in the SM.
III. PARAMETRIZATION OF EW PENGUIN
CONTRIBUTION
The ratio between the EW penguin amplitude (P ′EW)
and the tree contributions (T ′ and C′) in |∆S| = 1 decays
can be given by the ratio of the corresponding Wilson
TABLE I: The Wilson coefficients for the SM and additions
from the Z′ at the mb scale. The notation is X ≡ ξ
LLeiφL ,
Y ≡ ξLReiφL . The numerical values here are rounded-off from
the values used in the analysis.
Operator cSMi (mb) ∆ci(mb)
O
(q)
1 = (b¯αqα)V−A(q¯βsβ)V−A 1.138 0.0
O
(q)
2 = (b¯αqβ)V−A(q¯βsα)V−A −0.296 0.0
O
(q)
3 = (b¯αsα)V−A(q¯βqβ)V−A 0.014 0.0
O
(q)
4 = (b¯αsβ)V−A(q¯βqα)V−A −0.029 −0.1X
∗
O
(q)
5 = (b¯αsα)V−A(q¯βqβ)V+A 0.008 0.0
O
(q)
6 = (b¯αsβ)V−A(q¯βqα)V+A −0.036 −0.2X
∗
O
(q)
7 =
3
2
eq(b¯αsα)V−A(q¯βqβ)V+A 0.000 −3.6Y
∗
O
(q)
8 =
3
2
eq(b¯αsβ)V−A(q¯βqα)V+A 0.000 −1.5Y
∗
O
(q)
9 =
3
2
eq(b¯αsα)V−A(q¯βqβ)V−A −0.010 −4.5X
∗
O
(q)
10 =
3
2
eq(b¯αsβ)V−A(q¯βqα)V−A 0.002 +1.2X
∗
coefficients [15, 25, 26]:
P ′EW
T ′ + C′
= −3
2
1
λ|Vub/Vcb|
[∑10
k=7 ck(mb)〈Ok(mb)〉∑2
j=1 cj(mb)〈Oj(mb)〉
]
,
(16)
The primes here indicate the amplitudes for |∆S| = 1
transitions. The operator Ok and the hadronic matrix
element 〈Ok(mb)〉 are defined as
Ok ≡ 1
2
(
O
(u)
k −O(d)k
)
, (17)
〈Ok〉 ≡
√
2〈K0π0|Ok|B0〉+ 〈K+π−|Ok|B0〉 . (18)
We can then rewrite Eq. (16) as
P ′EW
T ′ + C′
= −3
2
1
λ|Vub/Vcb|
[
c9(mb)ξ˜ + c10(mb)
c1(mb) + c2(mb)ξ˜
+
c7(mb)η˜ + c8(mb)η˜
′
c1(mb) + c2(mb)ξ˜
]
, (19)
with
ξ˜ ≡ 〈O2(mb)〉〈O1(mb)〉
, η˜ ≡ 〈O7(mb)〉〈O1(mb)〉
, η˜′ ≡ 〈O8(mb)〉〈O1(mb)〉
.
(20)
Here we have used the fact that O9,10 and O2,1 are Fierz-
equivalent, respectively, to simplify the above relation.
For consistency, we have to use the LOWilson coefficients
to estimate the ratio (16). The scale dependence of this
ratio is negligible as one varies the scale from mb/2 to
2mb. In the exact SU(3) flavor symmetry limit, ξ˜ = 1,
which is used in our numerical analysis. There is no
symmetry argument for the values of η˜ and η˜′. Assuming
factorization, their magnitudes should be of O(1) too. In
view of uncertainties in other parameters in the model,
we will take η˜ = η˜′ = −1 in later analysis, where the
4minus sign comes from the sign flip of the axial current
in the q¯q pairs in the O7,8 operators.
One should note that although c7,8 play a less impor-
tant role compared with c9,10 in the SM, they can receive
contributions from the Z ′ such that we cannot neglect
them. In Ref. [5], it was implicitly assumed that new
physics contributes dominantly to the (V − A)⊗ (V − A)
EW penguins. As one of their conclusions under this
assumption, the current SφKS data cannot be accommo-
dated if one wants to explain the πK anomaly. We will
show in Section VI that both problems can be solved
simultaneously once the right-handed currents are also
taken into account.
We summarize here our simplifications to a general Z ′
model: we assume (i) no right-handed flavor-changing
couplings (BRij = 0 for i 6= j), (ii) no significant RG run-
ning effect between MZ′ and MW scales, (iii) negligible
Z ′ effect on the QCD penguin (∆c3,5 = 0) so that the
new physics is manifestly isospin violating. With these
simplifications, we have 3 parameters left in the model.
This approach provides a minimal way to introduce the
Z ′ effect in the B → πK puzzle. Of course, more general
Z ′ models are possible.
As shown in Table I, the Wilson coefficients at the mb
scale, ci(mb), are all real in the SM. Possible new weak
phases can come from new physics coded in the quantities
X and Y defined by
X ≡ ξLLeiφL , Y ≡ ξLReiφL . (21)
Because of the operator mixing from the RG running,
the QCD penguins also receive contributions from the
Z ′ even though they are assumed to be unaffected at
the weak scale. Their sizes should not be comparable
to their SM counterparts to guarantee our assumption
that new physics is manifest only in the EW penguin
sector. We numerically checked that they change only up
to several percent from their SM values for |X | ∼< 0.02
and/or |Y | ∼< 0.02, the natural sizes of the TeV-scale
Z ′ model [16]. The current-current terms, however, are
virtually unaffected.
Following Ref. [5], we define q and ϕ as the magnitude
and the weak phase of the ratio in Eq. (16) and ignore
a small strong phase. From Table I, the Wolfenstein pa-
rameter [27] λ = 0.2240 and |Vub/Vcb| = 0.086 [28], we
obtain
qeiϕ ≡ P
′
EW
T ′ + C′
≈ 0.75 [1 + 410X∗ + 450Y ∗η˜ + 180Y ∗η˜′] .(22)
Because of the sign difference between c7,8 and c9,10 terms
(coming from the relative signs between η˜(′) and ξ˜), where
dominant Y and X contributions respectively enter, qeiϕ
has contributions of opposite signs from X and Y . In the
SM (X = Y = 0), q = 0.75 and ϕ = 0◦.
IV. B → piK DECAYS
In terms of the hadronic parameters defined in Ref. [5],
the B → πK amplitudes are
A(B+ → π+K0) = −P ′, (23)√
2A(B+ → π0K+) = P ′ [1− (eiγ − qeiϕ) rceiδc] , (24)
A(B0d → π−K+) = P ′
[
1− reiδeiγ] , (25)√
2A(B0d → π0K0) = −P ′
[
1 + ρne
iθneiγ − qeiϕrceiδc
]
,
(26)
where color-suppressed EW penguin and annihilation
amplitudes have been neglected. As one immediately
sees, only the π0K+ and π0K0 modes are sensitive to
the color-allowed EW penguins (parametrized by q and
ϕ). The numerical values of the hadronic parameters ex-
tracted from the ππ modes are [5]
r = 0.11+0.07−0.05 , δ = +(42
+23
−19)
◦ ,
ρn = 0.13
+0.07
−0.05 , θn = −(29+21−26)◦ , (27)
rc = 0.20
+0.09
−0.07 , δc = +(2
+23
−18)
◦ .
We will take the following CKM weak phase values [28]
γ = (65± 7)◦ , φd ≡ 2β = (47± 4)◦ . (28)
To focus on the discussions of Z ′ effects, we will use ex-
clusively the central values of all the above parameters in
Eqs. (27) and (28) in the following analysis, with the un-
derstanding that the allowed parameter space and the er-
rors on predicted quantities only reflect those of Eqs. (1)
∼ (2) and should be larger once the above uncertainties
are included.
The πK puzzle can be most easily seen from the 2.4σ
discrepancy between the ratios Rc and Rn in Eqs. (1)
and (2) that are predicted to be roughly equal within the
SM. Written in terms of the above-mentioned hadronic
parameters, one obtains [5]
Rc = 1− 2rc cos δc cos γ + r2c
+qrc {2 [cos δc cosϕ− rc cos(γ − ϕ)] + qrc} ,
(29)
Rn =
1
b
[
1− 2r cos δ cos γ + r2] , (30)
with
b ≡ 1− 2qrc cos δc cosϕ+ q2r2c + ρ2n
+2ρn [cos θn cos γ − qrc cos(θn − δc) cos(γ − ϕ)] .
(31)
Both of these observables are sensitive to the color-
allowed EW penguin amplitudes, as shown by the q and
ϕ dependence. We also set a small strong phase ω = 0
here and below as found in Ref. [5].
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FIG. 2: (a) Two solutions of {q, ϕ} shown on the Rn-Rc plane. Solution (A) {q, ϕ} = {1.61,−84
◦} and solution (B) {q, ϕ} =
{3.04, 83◦} are respectively on the black (dark) curve and the red (light) curve traced out by varying ϕ from 0◦ to 360◦. The
1σ experimental bounds and the SM prediction for {q, ϕ} = {0.75, 0◦} are also indicated. (b) The contours of solutions (A)
and (B) on the q-ϕ plane. Only the central values of the hadronic parameters in Eq. (27) are used in making these plots. Note
that Solution (A) has been given by Ref. [5].
Other EW-penguin-sensitive observables are the CP
asymmetry of B± → π0K± [5]
ACP (π
0K±) = − 2
Rc
[rc sin δc sin γ − qrc sin δc sinϕ](32)
and the time-dependent CP asymmetry of B → πKS
ACP (t) = AπKS cos(∆MBd t) + SπKS sin(∆MBdt) .(33)
Both the direct and the indirect CP asymmetries have
recently been measured by the BaBar collaboration [11].
In terms of the hadronic parameters, the asymmetries are
given by [5]
AπKS = −
2
b
[
qrc sin δc sinϕ− ρn {sin θn sin γ
−qrc sin(θn − δc) sin(γ − ϕ)}
]
, (34)
SπKS =
1
b
[
sinφd − 2qrc cos δc sin(φd + ϕ)
+q2r2c sin(φd + 2ϕ) + 2ρn {cos θn sin(φd + γ)
−qrc cos(θn − δc) sin(φd + γ + ϕ)}
+ρ2n sin(φd + 2γ)
]
. (35)
Using the central values of the parameters given in
Eqs. (27) and (28) along with {q, ϕ}|SM = {0.75, 0◦},
the SM predictions are: Rc = 1.17, Rn = 1.15,
ACP (π
0K±) = −0.01, AπKS = −0.12 and SπKS = 0.86,
which confirm what have been found in Ref. [5].
There are other B → πK quantities, including R of
Eq. (3), that are not sensitive to the EW penguin ampli-
tudes (or the parameters q and ϕ) [5]:
R = 1− 2r cos δ cos γ + r2 (36)
ACP (π
∓K±) = − 2r sin δ sin γ
1− 2r cos δ cos γ + r2 (37)
ACP (π
±K0) = 0 . (38)
Within our assumption of ignoring annihilation ampli-
tudes, ACP (π
±K0) vanishes identically. Our SM pre-
dictions for the other observables are R = 0.94 and
ACP (π
∓K±) = −0.14, and these values do not change
with the enhancement in the EW penguins by new
physics.
V. FLAVOR VIOLATING Z′ SOLUTION
To illustrate that the flavor-changing Z ′ model can
provide the solution to the B → πK puzzle through the
enhanced EW penguin contribution, we take the central
values of the B → πK hadronic parameters in Eq. (27)
and the SM weak phases in Eq. (28). From the two ob-
servables {Rc, Rn} given in Eqs. (1) and (2), we find two
solutions of the EW penguin parameters:
(A) {q, ϕ} = {1.61,−84◦}, (39)
(B) {q, ϕ} = {3.04, 83◦}. (40)
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FIG. 3: Parameter space constrained by the experimental data of Rc and Rn, using the central values of the hadronic parameters
in Eq. (27) and the CKM phases in Eq. (28). (a) Assuming ξLR = 0, solution (A) {q, ϕ} = {1.61,−84◦} and solution (B)
{q, ϕ} = {3.04, 83◦} correspond to {ξLL, φL} = {0.0055, 110
◦} and {0.0098,−97◦}, respectively. (b) Assuming ξLR = ξLL,
solution (A) and solution (B) correspond to {ξLL, φL} = {0.0104,−70
◦} and {0.0186, 83◦}, respectively.
Solution (A) {q, ϕ} = {1.61,−84◦} is equivalent to the
solution given in Ref. [5]. Solution (B) has a larger q and
a ϕ of the opposite sign. This solution is not ruled out
by other constraints such as rare kaon decays because of
different Z ′ couplings in our scenario. Fig. 2 shows the
two-fold solutions on the Rn-Rc plane and the q-ϕ plane.
The solutions for the Z ′ parameters ξLL, ξLR and φL
in terms of the general EW penguin parameter q and
ϕ can be obtained by finding the solutions of Eq. (22).
Restricting ourselves to the case ξLR = 0 (in the limit
with only left-handed currents), we find the solutions
(AL) {ξLL, φL} = {0.0055, 110◦} , (41)
(BL) {ξLL, φL} = {0.0098,−97◦} . (42)
As Eq. (13) shows, the ξLL values found above have
implications on the coupling constant and the mass of
Z ′. In E6 motivated models, g2 has a value of the same
order as g1. The value of |BL∗sb BLdd| is unknown, but if we
assume it is of the same order as |VtbV ∗ts| ≃ 0.04, a size of
ξLL ∼ O(0.01) would give MZ′ ∼ O(1 TeV), consistent
with our model of TeV-scale Z ′.
In the special case where ξLR = ξLL and η˜ = η˜′ = −1,
we find the solutions
(ALR) {ξLL = ξLR, φL} = {0.0104,−70◦} , (43)
(BLR) {ξLL = ξLR, φL} = {0.0186, 83◦} . (44)
The 180◦ phase change of the solutions (ALR) and (BLR)
from (AL) and (BL) can be understood as a result of the
sign change in the dominant new physics term in Eq. (16).
These solutions are plotted in Fig. 3. Fig. 3 (a) shows the
contours of the two fold solutions on the ξLL-φL plane
in the case of ξLR = 0 and Fig. 3 (b) in the case of
ξLR = ξLL.
Using the solutions of q and ϕ found in Eqs. (39)
and (40), we have the following predictions for the CP
asymmetries of various πK modes:
ACP (π
0K±) = (A) −0.03± 0.01 (B) 0.03± 0.01
AπKS = (A) −0.06± 0.01 (B) −0.15± 0.01
SπKS = (A) 1.00
+0.00
−0.02 (B) −0.13+0.20−0.14
These results are irrespective of whether right-handed
currents are included. The predictions given by Solution
(A) are consistent with Ref. [5]. The current experimen-
tal values are ACP (π
0K±) = 0.00 ± 0.12 (S = 1.79),
AπKS = −0.40± 0.29, and SπKS = 0.48± 0.42 [6]. Their
SM values are already given in Section IV. The observ-
ables that are not sensitive to the EW penguin (or pa-
rameters q, ϕ) do not change from their SM expectations.
VI. RELATION TO B → φKS MODE
The recent measurement of SφKS = −0.96± 0.50+0.09−0.11
at Belle showing a 3.5σ deviation [29] from the SM ex-
pectation 0.736 ± 0.049 [30] has aroused great interest
in new physics explanations. (The BaBar value [31],
0.47 ± 0.34+0.08−0.06, is consistent with the SM.) The Z ′ so-
lution to the SφKS anomaly has been discussed in our
7previous paper [16]. In this section, we compare our con-
strained parameter values extracted in the above sections
to those in the B → φKS process. The φKS CP asym-
metries can be expressed as [5]
AφKS =
2v0 sin∆0 sinφ
′
1 + 2v0 cos∆0 cosφ′ + v20
, (45)
SφKS =
1
1 + 2v0 cos∆0 cosφ′ + v20
[ sinφd
+2v0 cos∆0 sin(φd + φ
′) + v20 sin(φd + 2φ
′)
]
,
(46)
where v0 ≃ 0.2, the weak phase φ′ = 0 and the strong
phase ∆0 ≃ π in the SM. Assuming factorization, we
have
v0e
i(∆0+φ
′)
≃ − 3c7(mb) + c8(mb) + 4(c9(mb) + c10(mb))
8(c3(mb) + c4(mb)) + 6c5(mb) + 2c6(mb)
.(47)
From this equation we can see the SφKS receives a
roughly symmetric contribution of c7 and c9, and thus
of X and Y .
Since the measured AφKS = 0.05 ± 0.26 is consistent
with 0, we take ∆0 ≃ π as in the SM. We can then
obtain v0 and φ
′ for each solution of the B → πK puz-
zle from the previous section and calculate SφKS . For
B → πK solutions in the ξLR = 0 case, SφKS = 0.99
for solution (AL) of Eq. (41) and SφKS = −0.69 for so-
lution (BL) of Eq. (42). Only the latter, with the larger
q, satisfies the world-averaged experimental 1σ range,
SφKS = −0.147± 0.697 (S = 2.11). On the other hand,
the solutions in the ξLR = ξLL case give SφKS = −0.83
for solution (ALR) of Eq. (43) and SφKS = −0.65 for
solution (BLR) of Eq. (44). Both solutions (A) and (B)
satisfy the averaged experimental 1σ range. As men-
tioned above, the reason we are able to find solutions
to account for both the πK and SφKS anomalies lies in
the fact that the contributions from the O7,8 and O9,10
operators interfere differently.
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